Abstract: We present a software system to create and implement internal markets in organizations that want to limit the CO2 emissions or the use of scarce resources by their employees. This system can be applied to domains such as business travel by distributing a limited number of permits for business travel-related CO2 emissions at the beginning of a period and then allowing the permits to be traded inside the organization. The system calculates the CO2 emissions caused by planned trips and provides the market mechanisms to trade the permits. The approach can be generalized from emission permits to any scarce good that is assigned by the management to units or individual members of the organization, such as parking spaces. Both cases are described by way of detailed examples. Abstract. We present a software system to create and implement internal markets in organizations that want to limit the CO 2 emissions or the use of scarce resources by their employees. This system can be applied to domains such as business travel by distributing a limited number of permits for business travelrelated CO 2 emissions at the beginning of a period and then allowing the permits to be traded inside the organization. The system calculates the CO 2 emissions caused by planned trips and provides the market mechanisms to trade the permits. The approach can be generalized from emission permits to any scarce good that is assigned by the management to units or individual members of the organization, such as parking spaces. Both cases are described by way of detailed examples. 
Introduction
The cap-and-trade principle introduced as an instrument of climate policy can be applied at the intra-organizational level when an organization decides to limit or reduce the emissions caused by its activities. The process of trading emission permits among the members of the organization must be supported by an easy-to-use software system to avoid the administrative overhead of such an internal market. We describe such a software system that can be applied, for example, to the domain of business travel, by distributing a limited number of permits for business travel-related CO 2 emissions at the beginning of a period (e.g., the financial year) and then allowing the permits to be traded among the members of the organization, supported by the system, which both calculates the CO 2 emissions caused by planned trips and provides the market mechanism to trade the permits. One advantage of our approach is that it can be generalized from emission permits to any scarce good that is assigned by the management to units or individual members of the organization, such as parking or office space. Depending on the type of good to be traded, different market mechanisms can be used. The current implementation supports call market auctions (in particular, for CO 2 emission permits related to business travel) and English auctions (in particular, for the use of parking spaces). The English auction can also be used to create the initial distribution in a call market auction.
We will first describe the cap-and-trade principle (Section 2) and then show the application of the system by way of two examples (Section 3).
Organization-Internal Cap and Trade
According to the IPCC report 2013, the first decade of the 21 st century was the warmest in a very long time. Also, most of global warming seems to be due to human activities. Greenhouse gas emissions are changing the global climate with increasingly severe consequences for mankind, the economy, and the environment. For this reason, reducing greenhouse gas emissions is absolutely essential.
One possible tool for accomplishing this task is emissions trading. For example, in 2005 the EU launched the EU Emissions Trading System (EU ETS), which functions according to the cap-and-trade principle, as a cornerstone of its strategy for costeffective reduction of greenhouse gases. The general workings of such a cap-andtrade system have been described in [1] as follows.
In a cap-and-trade mechanism a quantity of pollution is fixed a priori by the responsible authorities, after a complete assessment of the maximum bearable level of damages. This quantity, called the cap, is set (with great hopes) to replicate the optimal level of pollution as the optimum between the social disutility of pollution and the cost of abatement for the polluting firms. In a way, the agencies that determine the cap can be seen as representatives of a society whose marginal social cost is perfectly elastic: the damages are infinitely sensitive to the smallest variation of pollution.
Once the cap is set, tradable units of pollution are created and allocated to the polluter either for free (grandfathering) or through a compensation scheme. Polluting firms are then allowed to trade those permits among themselves as in the pure market. If many firms have smaller abatement costs than the permit price, they will abate and sell the corresponding permits to firms with higher abatements costs. These sellerinitiated trades will progressively lower the permit price. Conversely, if many firms have higher abatement costs than the permit price, they will buy permits on the market. These buyer-initiated trades will push the price higher.
At equilibrium (when all firms are satisfied), using a market ensures that compliance with the capped pollution level is achieved at the lowest possible cost, since the permit price is equivalent to the lowest possible marginal cost of abatement. Moreo-ver, by offering the opportunity to sell permits and generate profits, markets incentivize competitiveness and technology changes towards clean activities.
In the case of the EU Emissions Trading System, however, some problematic aspects of this system have also come to light. Since too many permits were issued from the beginning, the price for a ton of CO 2 settled at a level that was too low. As a result, there was no real incentive to reduce CO 2 emissions. While it is true that from 2008 on, the number of permits on the market was decreased in response, this did not have the desired effect on the price since the demand for CO 2 permits also dropped because of the broadening economic crisis. The price is approximately 5 Euros per ton of CO 2 (February 2014), which does not provide a financial incentive to reduce CO 2 emissions. Yet it certainly would be possible to address this problem by reducing the number of permits on the market to such an extent that it would actually be possible to increase their price and therefore to achieve the climate goals.
But there is another factor hindering achievement of these climate goals. Thirtyone countries including Iceland, Liechtenstein, and Norway, in addition to twentyeight EU countries, are participating in the EU ETS, which means that more than 11,000 industrial and energy companies are involved, and the program has been expanded to include aviation since January 1, 2012. As a result, the EU is confronted with lobbies from various sectors, in particular aviation, and must stand up to them with the necessary vigor or risk watering down the system in accommodating these various lobbies' individual interests.
Such a cap-and-trade system is applicable not only at the macro level for trading emission permits between different companies but could be put into practice at the micro level within a single private or public institution. Tradable units could be greenhouse gas emission permits as well as rights to use scarce goods, such as parking spaces or conference rooms.
A cap-and-trade system internal to a company might look like the following, using greenhouse gas emission permits as an example: Management defines a maximum yearly permissible cap of CO 2 emissions for business trips at 80% of expected emissions for the following year, with the goal of actually achieving a reduction in CO 2 emissions. Then, emission permits are created, each of which permits the holder to emit a certain amount of CO 2 (e.g., 100 kg of CO 2 emissions per individual permit), distributed among the individual units within the organization, possibly free of charge, and traded freely on a market internal to the company. If a unit requires more permits than it received for its business trips, it must purchase additional permits on the company-internal market. In the opposite case, it can sell permits it does not need. The price for the permits results from supply and demand on the internal permit market. If, at the end of an accounting period (e.g., at the end of the year), an organizational unit has generated more CO 2 emissions on its business trips than its permits allow, it must attempt to purchase additional permits on the company-internal market. If this is no longer possible because permits are scarce, the unit must pay a fine and purchase the missing permits retroactively at the beginning of the following year. But if the unit has a surplus of permits because its trips generated a smaller amount of CO 2 emissions, it can try to sell these permits to other departments. The income from such permit sales could be used, for example, in the following ways:
• as a bonus paid to the staff members of the relevant department, which thus creates an additional incentive to reduce CO 2 emissions; • to increase the discretionary budgets of those staff members whose CO 2 emission reductions made it possible to sell permits; • to build up the departmental fund available for team-building events;
• to improve the infrastructure of the department in question, whether by reducing CO 2 emissions further and/or improving staff members' job satisfaction; • as a reserve for future discretionary expenses by the department in question; or • for a combination of the items mentioned above.
This would make it possible not only to reduce the emissions generated by staff members, but also to utilize the potential for associated cost reductions. The same market mechanism would also enable cost-effective internal distribution of the scarce goods mentioned above.
A software system [2, 3] , which will be described in the next section, is required to make good use of the potential of such a company-internal cap-and-trade system.
3
An Information System Supporting Organization-Internal Cap and Trade
System Architecture and User Roles
The system has a web-based software architecture, which means that each user can log into the system via a web browser from any computer without the need to install software. There are five user roles with different functions and access rights:
• Market participant: An individual or group who owns permits and trades these permits on the internal market. Market participants may have received the permits from their department head in the initial allocation or they may have purchased them on the market. Whenever they use (consume) permits, they must register the consumption in the system (charge their account of permits).
• Agent: An agents has access to the accounts of market participants he or she acts for. Agents are only needed if market participants want to delegate the interaction with the system. A single agent can act on behalf of many market participants.
• Consumer: An individual who belongs to a group owning permits. Consumers can consume permits and debit the consumption from the group account, but cannot trade on their own behalf. Each consumer is assigned to a market participant who is responsible for the trading. For example, the head of group could take the role of the market participant for all group members, because he or she has to approve their business trips anyway.
• Department head: This role is only relevant for the initial distribution of permits at the beginning of each trading period (e.g., the financial year). A department head distributes permits assigned to the department among the groups or individuals within in the department.
• Administrator: The Administrator sets up the market by deciding what can be traded with which market mechanisms and defines the initial allocation of permits among the departments.
As the preferred names of the user roles may differ from organization to organization, the identifiers used by the system can be reconfigured when the system is set up.
Business Trip Examples
Introduction. The following two examples highlight the internal online cap-and-trade platform from a market participant's perspective. To make the examples more concrete, system settings are defined as follows:
• 1 permit equals 1 emitted kg of carbon dioxide (CO 2 )
1 .
• The period starts on January 1 and lasts 12 months until December 31.
• Each employee gets 5760 permits at the beginning of a period.
• The amount of 5760 permits corresponds to 80% of 7200 permits. 7200 (12 600) are emissions expected for the following year assuming that every business trip that has to be taken by plane is an economy flight and that for all other business trips the small car category is the chosen alternative • For the examples, we use a virtual currency: Mundo The (fictional) company AirPower is specialized in worldwide consulting for finding the best possible locations for wind farms. The headquarters of AirPower is located in Zurich, Switzerland, where currently 200 consultants are employed. For their business trips, consultants can choose among different modes (train, car, plane) and are free to decide which route they want to take.
Example I shows Peter's traveling decision process for his next meeting with a possible future client in Munich, Germany. Example II shows Zoe's decision process for her next trip to San Francisco, United States, where she will discuss further steps of the ongoing project with the local authorities.
Example I. As the first step in planning his trip, Peter selects Car as his mode of transportation (Fig. 1) . After entering the starting point (Zurich) and the destination (Munich), he selects his preferred car type among a selection of car types offered by the internal online cap-and-trade platform. The selection is important for the calculation of the CO 2 emissions. Peter checks the category for high-end cars. Next, he checks the box for a return trip and enters the date of his travel (October 5, 2014) (Fig. 2) . (Fig. 2) . Beneath the map, a summary of the one-way trip shows the starting point, the destination, the car category and the travelling distance [4] . At the end of the list, CO2 Emission for Round-Trip indicates the estimated amount of emitted CO 2 (274 kg) in case the driver returns the same way. Peter saves the planned car trip but wants to know more details about traveling by train. Therefore, this time he chooses Train from the selection provided (Fig. 1) . After he enters all relevant information, the preview shows the calculated emissions for a trip by train (48 kg; Fig. 4 ). Compared to the solution with the luxury car, he would save 226 kg CO 2 (equals 226 permits), while he would save 136 kg CO 2 (equals 136 permits) compared to the solution with the small car. The bar chart now compares the CO 2 emissions from the train with those from an average European car. He decides to take the solution with the train and saves it. Now he has to cancel the prior saved solution in which he had chosen to travel by car. Therefore, he selects Consumption overview in the navigation pane (e.g., Fig. 2) .
The internal online cap-and-trade platform shows a list of all future trips. After Peter has cancelled the planned car trip to Munich (by clicking the "x" on the right side), the list looks as shown in Figure 5 . Trading CO 2 Emission Certificates. Peter decides to trade the 136 CO 2 permits he saved by taking the train instead of the small category car over the company's internal market. Therefore, he chooses Trade on the left (e.g. Fig. 6 ). The screen shows the overview (Fig. 6) . According to the value of Available permits, Peter has already used 558 permits (the initially distributed 5760 minus the currently available 5202). The value of Needed permits results from his flight to Tokyo (2710) and for his trip to Munich (48) (Fig. 5) . Current balance shows the amount of money spent (negative balance) or gained (positive balance) by trading permits. Since Peter has not been trading until now, his current balance is 0. (Fig. 6 ) and a pop-up window appears (Fig. 7) . Within the pop-up window he enters the number of permits he intends to sell (136) and the minimum price (13 Mundo) into the corresponding fields. Finally, he selects the date until his offer will be valid (May 30, 2014). (Fig. 8) .
Peter found one buyer and earned 1768 Mundo (13 136). According to the company's policy, the profit he is going to make by the end of the year is given to him as an additional payment to his public transportation season pass. As mentioned above, many policies for dealing with a surplus or deficit that occurs at the end of the year are possible. (Fig. 1) . After filling in all required data and clicking Preview, she sees the start and end destination on the map on the right of the screen (Fig. 9 ). The button Show flight route generates a list of possible outbound or return flights, both direct and with stopovers. Figure 10 shows the list of all outbound flights at the chosen date (October 26, 2014) with specific information on the selected flight about the airline, the travel distance [6] and the amount of emitted CO 2 . Different distances for the same flight can show up in case of different routes taken for the second leg of the flight (e.g., due to air traffic conditions). For example, within Fig. 10 the connecting flight AA65 flies from Zurich to New York from which point one can decide between three different connecting flights (#6 and #7 vs. #10).
Zoe compares the CO 2 emissions of the non-stop flight #12 with the connecting flight # 6 (Fig. 10) . The non-stop flight emits 1224 kg CO 2 (Fig. 10) and the connecting flight 1405 kg CO 2 (Fig. 11) . The connecting flight makes a stop in New York, which would give her the opportunity to meet another business partner. However, since she already had to fly overseas this year, she decides to save the 181 permits by taking the direct flight. To communicate with her business partner in New York, she sets up an online meeting, which now will take place during her stay in San Francisco. In this way she has a threefold advantage: She saves CO 2 emissions, saves permits and the time difference between her business partner's location and hers is smaller compared to when she is in Zurich. 
Parking Lot Example
Introduction. The following is an overview of the functionality of the auction mechanism of the internal online cap-and-trade platform. To make the example more comprehensive, it is described from a market participant's perspective. Specific system settings, such as how the amount of money is transferred from one employee to another, depend on companies' regulations and are entered by the system administrator.
No further details are provided here. In the following example the auction is for parking lots; however, in conformance with company regulations any kind of asset (e.g., meeting rooms, coffee machines, printing paper) can be defined.
The (fictional) company WhiteMoney is a financial institute whose headquarters, which employs 800 people, is located in Geneva, Switzerland. Around one-third of the staff drives regularly by car to work, but the capacity of the company's parking lot is limited to 150 cars. In the following we spotlight Marianna, lucky owner of a parking space in this lot, who will be on vacation next week; and John, who urgently needs a parking space on a specific date. Both will participate in an English auction organized via the internal online cap-and-trade platform. Example. Marianna decides to offer her parking space during her vacation to her coworkers. She chooses Auction on the navigation pane (Fig. 1) , creates a new auction by clicking Start new auction and enters all relevant information such as the exact description (Parking 55…), the starting price (4 Mundo) and the date when she wants the auction to end (March 7, 2014 11:00 am), into the pop-up window (Fig. 12) . Before saving, she realizes that parking spaces are often only needed on specific days of the week and therefore decides to start an auction per day. She clicks Cancel and inserts 6 auctions according to the previous schema. Since March 16 is a Sunday, she decides to give the parking space for free on that date.
She assumes one week could be too much time in advance for people to know if they need a parking space. Therefore she decides to change the end date for the three last auctions from March 16 to March 12 (Fig. 13) . Since the system will end the auction automatically and advise the winner, she does not have to worry about taking care of this while on vacation. After clicking the Save button (Fig. 12) , her auctions (Parking 55 -1x.3.2014) appear together with her co-worker's auctions on the list "Open auctions" as well as separated in "My auctions" (Fig. 13) . "Current balance" (105.0) (Fig. 13) shows the amount of money she currently has available for bidding in auctions. John urgently needs a parking space in the lot for next Tuesday (March 11, 2014) and Thursday (March 13, 2014) . He remembers the article about the new internal online cap-and-trade platform in the last issue of the company journal Transparency and decides to try it out. After logging into the system, he chooses Auction (Fig. 1) . On the overview (Fig. 14) he sees all running auctions and is lucky; for both Tuesday (March 11, 2014) and Thursday (March 13, 2014) of next week, an auction for parking space 55 is running. The current price for Tuesday is 8 Mundo; it seems to be a busy day since four offers have already been placed.
On Thursday only one offer has been placed thus far. Consequently, the price is lower (5 Mundo). John still has enough money left on his account to participate in both auctions. He clicks Bid! at the right hand side of Tuesday's auction (Fig. 14) and enters a bid clearly above the current price (12 Mundo) into the pop-up window (Fig.  16 ), hoping to win the auctions. After saving he repeats the same for Thursday's auction.
On March 7 he gets an e-mail generated by the system informing him that he has won the auction for the two dates of interest. In this chapter, we presented a software system supporting the creation and implementation of organization-internal markets for CO 2 emission permits and other limited resources that can in principle be optimally allocated if they can be traded.
Thus far, implementations of cap-and-trade systems have focused on the macro level, with the EU ETS in Europe (The European Emission Trading Scheme) in particular. At a micro level, i.e., at the company level, cap-and-trade systems have a huge potential that has been neglected. They could intelligently complement the EU ETS by providing companies the means to comply with current macro regulations. They would help companies reduce their energy costs and therefore not only to abate CO 2 emissions but also to generate cash flows by selling their extra emission rights.
This system should be of interest for many companies in different sectors. Confronted with a limited number of offices, parking spaces or a limited travel budget, they should try to optimize their decision making process and rely more on solutions such as car sharing, teleworking or online meetings. On the one hand, the system allows the employees to take more responsibility while on the other hand it gives them incentives to make efficient choices.
